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ABSTRACT

Design criteria are presented as guidance for use by experienced
architects and engineers to assure that appropriate layout and design
considerations are included in the design of facilities in Category Code 400.
The contents include general facility planning and |ayout guidance, as well as
specific facility requirenents for flamable/hazardous storage, heavy materials
storage, cold storage, shed storage, and controlled hunmidity storage. GCeneral
guidance is also included for nodernization of existing warehouse buildings.
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FOREWORD

This mlitary handbook has been developed from an evaluation of facilities in
the shore establishment, surveys of the availability of new materials and
construction nethods, and selection of the best design practices of the Naval
Facilities Engineering Command (NAVFACENGCOM), other Governnent agencies, and
the private sector. This manual uses, to the maxi num extent feasible,
national professional society, association, and institute standards in
accordance with NAVFACENGCOM policy. Deviations from these criteria in the
pl anning, engineering, design, and construction of Naval shore facilities
cannot be made wi thout prior approval of NAVFACENGCOM Headquarters (Code 04).

Design cannot remain static any nmore than can the naval functions it serves
or the technologies it uses. Accordingly, recomendations for inprovenent
are encouraged and should be furnished on the DOD Form 1426 provided inside
the back cover, to Chesapeake Division, Naval Facilities Engineering Conmand,
Buil ding 212, Washington Navy Yard, Washington, DC 20374-2121, tel ephone
202- 433- 3314.

TH'S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCUREMENT OF
FACILITIES CONSTRUCTION. IT IS TO BE USED IN THE PURCHASE OF FACILITIES
ENG NEERI NG STUDI ES AND DESI GN (FINAL PLANS, SPECI FI CATIONS, AND COST
ESTIMATES). DO NOT REFERENCE IT IN MLITARY OR FEDERAL SPECI FI CATIONS OR
OTHER PROCUREMENT DOCUMENTS.
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STORAGE CRITERIA MANUALS

Criteria

Manual Title PA

DM 32. 01 Qpen Storage CHESDI V
M L- HDBK- 1032/ 2 Covered Storage CHESDI V

Desi gn nmnual s, when revised, will be converted to military handbooks
and listed in the nilitary handbook section of NAVFAC P-34.
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Section 1: CRITERFIA FOR COVERED STORAGE BU LDI NGS

1.1 Scope. The criteria in this handbook covers the design requirenents
for covered storage facilities in Category Codes 431-10 (Cold Storage), 441-10
(General Warehouse Navy), 441-20 (Controlled Humidity Warehouse), 441-30

(Fl ammabl e/ Hazar dous Storehouse), and 441-35 (Shed Storage), or the

conbi nation of these Category Codes. These criteria address the factors which
affect the functional effectiveness of covered storage facilities. Included
in these factors are siting, system selection, facility layout, area, storage
height, and internal details. Since nodern storage facilities are integrated
operations in which the structure and naterials handling/ storage equipnent
function as a system coordination of equipment and structure requirements is
essential to proper operation of the system The nore common facility types
required for naval shore activities include:

a) Warehouses for hazardous naterials, heavy materials, dehunidified
storage, aviation, medical supplies, boxing, crating, and cold storage.

b) Receiving, shipping, and issue buildings.

c) Preservation buildings.

Certain Marine Corps expeditionary units require permanent
war ehousing facilities while in garrison. These Marine Corps facilities may
include offices, an armory (in accordance with Departnment of Defense Storage
and Materials Handling Manual, DOD 4145.19-R-1; and Physical Security and Loss

Prevention Mnual, OPNAVINST 5530.14 Series), and a canp mai ntenance workroom

1.2 Cancel lation. This handbook on covered storage, M L-HDBK-1032/2,
cancel s and supersedes NAVFAC DM 32.02, Covered Storage, June 1982.

1.3 Rel ated Criteria. The following criteria are related to the design
of covered storage buil dings:

1.3.1 DOD Construction Criteria. Refer to, and conply with, all pertinent
criteria in Departnent of Defense Construction Criteria Manual, DOD 4270.1-M

1.3.2 Requirenents of Other Commands or Bureaus. Cold storage
installations nust meet specifications of the nanagement or system comrand
exercising control over them General criteria of-the nmanagement or system
command are incorporated in the CGeneral Devel opment Map of the activity.
Specific requirenents nust be coordinated with the cognizant managenent or
system comrand.

1.3.3 Facility Plates. As nilitary handbooks and definitive drawings are
revised, definitive drawings are being restructured to be included in the
handbook which covers that type of building. These are included in the
various handbooks manuals and are titled Facility Plates. The facility plate
nunber is the category code nunber, and the sheets required to present the

i nfornmation are nunbered sequentially.
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1.3.4 Definitive Drawings. Draw ngs contained in Definitive Designs for
Naval Shore Facilities, NAVFAC P-272, Part 1, are an integral part of NAVFAC
design policy and shall be used in conjunction with this publication.

1.3.5 Q her Sources. Al docurments referenced in this military handbook
are included in the REFERENCES.

1.4 Cassification of Facility Goups. Mijor supply activities may be
conprised of some or all of the facility codes |listed below. For guidance in
determi ning space allowances, see Facility Planning Criteria for Navy and

Mari ne Corps Shore Installations, NAVFAC P-80, Sections 440A, 440B, and 440C
(1985 Revision). Supply Facilities in Category Goup 400 described in this
manual i ncl ude:

1.4.1 Cold Storage (Code 431-10). Cold storage warehousing is planned to
satisfy the primary function of preservation of the quality of perishable
foods and general supply materials that require refrigeration. The warehouse
will include freeze and chill space, processing facilities, and nechanical

ar eas.

1.4.1.1 Material Categories. Cold storage is planned to provide storage of
CGeneral Supply Materials which require tenperatures ranging from -10F to 60F
(-23C to +16C) in the followi ng categories:

a) Perishabl e Subsistence

b) Phot osensitized Materi al

c) Ceneral Supply Batteries

d) Medical and Dental Supplies

1.4.1.2 Exclusions. Excluded from this Category Code is cold storage for
weapons-rel ated batteries (use Category Code 424-10) and cold storage spaces
which are a functional part of another facility such as an open mess, club,
hospital, comm ssary, or exchange. These latter cold storage spaces are

pl anned as part of the main facility and nust be accommodated within its
space allowances.

1.4.2 General \Warehouse Navy (Code 441-10). This Category Code includes
general warehouses, heated or unheated, and with or without heavy duty
lifting (overhead crane> capability, sprinkler systens, and alarm systens.
The general warehouse provides space for bulk and bin storage, aisle space,
receiving and shipping space, packing and crating space, and office and

toil et space.

1.4.3 Controlled Hum dity Warehouse (Code 441-20). A controlled humidity
warehouse 1s simlar to a general warehouse in every respect except that it
is constructed with vapor barriers and contains humdity control equipment to
maintain humdity at desired levels. This warehouse nay be a separate
building or contiguous with a general warehouse. Requirenments for controlled
hum dity space nust be thoroughly justified. Such requirenents must be
considered a portion of the total space allowed for Category Codes 441-10
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t hrough 441-40. Planning for storage of material in controlled hunidity space

for varying periods of time is authorized when the use of such space perforns
the follow ng:

a) Permits technical material and material highly sensitive to
moi sture to be stored in a state of readiness for inmediate issue.

b) Permits a reduction in the cost in initial preservation or
represervation of nmaterial.

c) Affords significant reduction in either the reactivation time or
the reactivation cost of material, or both.

d) Maintains the condition of any material being held in tenporary
storage while awaiting repair, disposition, preservation or represervation, or
assenbly of conponents.

e) Affords the desired supplemental protection to naterial already
subjected to preservation treatnent.

1.4.4 FI ammabl e/ Hazar dous St orehouse (Code 441-30). Fl ammabl e/ hazar dous
material s storehouses differ significantly from general warehouses due to the
materials stored and the provisions made to prevent, and renove through proper
ventilation, nists, gases, and vapors in accordance with National Fire
Protection Association (NFPA) Flammable and Conbustible Liquids Code,

NFPA 30. Materials considered for storage in this category facility include
paints, certain packaged petroleunoil/lubricant (POL) materials, chemcals,
acids, corrosive liquids, oxidizing materials, and other simlar hazardous
flammable materials. Space justified for flanmmabl e/ hazardous storehouses nust
be considered a portion of the total space allowed for Category Codes 441-10
through 441-40. Such space should not exceed 5 percent of the total space

unl ess thoroughly justified. Wenever practical, shed storage (see

paragraph 1.4.5) should be justified and used. |f necessary, the Naval Supply
Systems Command (NAVSUP), Washington, DC, should be consulted for guidance.
Such flanmable and conbustible liquid storehouse facilities nust conply wth
the requirements of Section 4 of this handbook.

1.4.5 Shed Storage (Code 441-35). A shed is a roofed structure without
complete side or end walls and with or without sprinklers or alarm systens.
Sheds are typically used for storage of gas cylinders, drumed POL, vehicles,
unfini shed |unber, and other construction material. In areas where it is
impractical to use shed space for the storage of materials because of weather
conditions, storage requirements nust be included as warehouse space and
conplete justification nust be submitted. Sheds storing hazardous materials
are subject to special design requirements. Conply with criteria in Section 4
of this handbook.

1.5 Storage Categories Not Addressed in This Handbook. The foll ow ng
storage categories are not addressed in this handbook:

1.5.1 Liquid Storage - Fuel and Nonpropellants (Code 410). Bulk tanks and
associ ated equi pment for liquid fuel storage and storage of liquids other than
water, fuel, and propellants are not included. Refer to Petrol eum Fuel
Facilities, NAVFAC DM 22, for criteria regarding petroleum fuel facilities.
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1.5.2 Anmmuni tion Storage (Code 420). Magazi nes, specialized warehouses,
tanks, and open pads for storage of anmmunition, inert ammunition conponents,
liquid propellants, and weapon related batteries are not included.

1.5.3 pen Storage (Code 450). Non-covered storage areas, paved or
otherwi se, established for storage of General Supply Mterials are not
i ncl uded.
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Section 2:  PLANNING FACTORS

2.1 CGeographic Location. Planning and design of covered storage
facilities nust address the specific climtic and geographic conditions of the
intended site.

2.1.1 Tropi cal Regions. Refer to Tropical Engineering, M L-HDBK-1011/1,
for criteria regarding the design, construction, and maintenance of shore
facilities in the tropics utilizing qualified materials, applications, and
met hods to overcone aggressive solar radiation, high humdity, salt spray,
mldew, and termtes.

2.1.2 Cold Regions. Refer to Arctic and Subarctic Construction, Technical
Manual (TM 5-852 Series, for criteria regarding construction in cold

regions. Problens include pernmafrost, foundation design, extreme cold, draft
control, and w nd-driven snow.

2.1.3 Mount ai nous Areas. For nountainous regions, investigate site
drainage, soil stability, site layout (grading), snow pack conditions, and
wi nd.

2.1.4 Desert Areas. For desert regions, investigate intense solar
radi ati on, high tenperatures, site drainage (flash floods), and w nd-driven
sand.

2.1.5 Waterfront Areas. Refer to General Criteria for Waterfront
Construction, NAVFAC DM 25.06, for criteria for waterfront construction.
Specific factors to evaluate in design include salt water, water spray,
corrosion, ice damage, foundations, and marine insect danage.

2.2 Site Planning. Overall layout of mmjor storage activities or areas
shall be as stipulated by the General Devel opnent Map of the activity.

Ceneral planning considerations shall serve as the basis for establishing

rel ati onshi ps between buildings and other facilities. Future expansion of all
bui I di ngs shall be considered when developing the layout. Site facilities
above, or protected from a 500 year flood plane. Perform a Prelimnary
Environnental Assessment (PEA) in accordance with Environmental and Natural
Resources Protection Munual, OPNAVINST 5090.1; and Real Property Facilities
Manual , Volume 5 (Environnental Managenent), Marine Corps O der (MO
11000.8B. The PEA requires detailed assessment of hydrol ogical, geol ogical,
and meteorol ogical conditions. Also consider the follow ng:

2.2.1 Vehicle Access. Al covered storage buildings nust be provided with
access for trucks, materials handling apparatus, and fire apparatus. Truck
parking and turning space nust be provided.

2.2.2 Rai| Access. Larger buildings nust have rail access beside or
i nside them
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2.2.3 G adi ng and Drai nage. Check the follow ng:

2.2.3.1 Goundwater. The designer shall deternmine variations in groundwater
el evation and direction of groundwater flow  These data shall be used by the
designer to evaluate the damage potential of a spill or release

and to assure the design is adequate to prevent spills from contam nating
surface and groundwater. Goundwater nonitoring, sufficient to establish
background levels, my be performed by the host installation.

2.2.3.2 Roof Drainage. Roof drainage shall be provided through underground
pi ping or natural runoff.

2.2.3.3 Site Grading. Elimnate water pockets onsite through proper site
gradi ng.

2.2.3.4 Cut and Fill. Determne whether the building can be designed to
reduce cut and fill.

2.2.4 Uilities. The source and location of all major utilities (water,
electric, sewage, and stean), both above and bel ow ground, must be known. The
facility site should be selected so as to take advantage of direct access to
needed utilities while preserving the expandability and maintainability of the
utility system

2.2.5 Security. Use criteria in Physical Security, ML-HDBK-1013/I, as
guidance to ensure that physical security considerations are included in the
desi gn of Naval shore facilities. Security factors include threat
considerations and delay time and cost relationships to apply for appropriate
and econonical physical security at Naval shore facilities.

2.3 St orage/ handling System Sel ection. Functional concept planning for
new facilities or nodernization of existing facilities should include review
of concepts presented in the Warehouse Modernization and Layout Pl anning

Qui de, NAVSUP PUB-529. Evaluation of alternative materials handling systens,
selection of handling and storage equipnment, design of operations, and |ayout
of the building shall consider the follow ng:

2.3.1 Desi gn Parameters. The follow ng design paraneters shall be
observed when collecting data and anal yzing requirenents:

2.3.1.1 Load Size. The standard Navy cargo load size (including pallet) is
40 inches x 48 inches x 36 inches high (1020 mllimeters [m] x 1220 mm X

915 mm), or 40 cubic feet (ft?) (1.13 cubic meters [mf]) which is equal

to 1 Measurenent Ton (MT). The average storage load is 0.8 MTs (32 ft3,
0.91 mf) which equates to a pallet size 40 inches x 48 inches x 28.8 inches
(1020 mm x 1220 nm x 730 nmm). A 48-inch (1220 mm) vertical pallet rack beam
spacing is provided by the standard pallet rack configuration for this average
hei ght |oad. Maximum DOD al | owances for |oaded pallets wth overhanging |oads
is 43 inches x 52 inches (1090 mm x 1320 nm). Planning should acconmodate
such vertical dinmensions or be adjusted where loads differ significantly from
the average height. In special cases such as automated storage/retrieval
systemracks, it my be necessary to maintain the 40-inch x 48-inch (1020 nm x
1220 m) dimensions due to equipnent restrictions.
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2.3.1.2 Transaction Activity. Transaction activity is based on use of a
1348-1 order docunent.

2.3.1.3 Standards. Standard estimating factors for storage costs, handling
costs, and handling tines in NAVSUP PUB-529, are nornalized to represent

typi cal applications. Accuracy of these standards relative to actual
performance of an activity nust be evaluated before conparisons are made

bet ween proposed designs and current operations. Refer to Section 19 of
NAVSUP PUB-529 for guidance in adjusting these factors.

2.3.1.4  Storage Height. Economical storage height is dictated by space
availability, foundation cost, aviation restrictions, materials handling

equi pnent availability, and storage requirenents. These characteristics shall
be considered when making system eval uations. Hazardous naterials warehouses
are limted to a maxi num storage height of 25 feet (7620 nm) or |ess,

dependi ng upon the type of materials handling equi pnent used. See paragraph
4.3.2.

2.3.2 Procedures. The following steps should be followed in devel oping a
facility concept using NAVSUP PUB-529 procedures. Figure 1 illustrates these
steps in flowhart form Refer to Sections 14-17 of NAVSUP PUB-529 for
details. The Activity or Project Mnager shall designate in the project scope
the following factors, as well as any special requirements for storage or
handl i ng.

2.3.2.1 Define Inventory. State inventory levels in terns of 0.80
Measurement Ton (M T) pallet loads (32 ft® or 0.91 mi) or 0.0095 MT

(0.38 cubic foot; 0.011 cu. n) shelf boxes. Separate inventory into groups
with simlar storage, handling, or transaction characteristics. Exanples are
pal l et storage, bin storage, high and low activity nmaterial, Pre-Positioned
War Reserve Stocks, etc.

2.3.2.2 Define Daily Transactions. Define daily activity levels for pallet
systens in terns of daily quantities of pallets stored and retrieved. Define
daily activity for binnables and rackables order picking systens in line item
docunent issues.

2.3.2.3 Define Available Area. Define the area available for system
installation for both new facility designs and conversion of existing
facilities.

2.3.2.4 Conpute Transaction/lnventory (T/1) Ratio. Conpute the system T/I
ratio based upon the defined inventory and transaction quantities. Develop
separate T/| ratios for each inventory or handling group identified by the

procedure in sub-subparagraph 2.3.2.1.

2.3.2.5 Sel ect System Evaluate and select alternative systens based on the
conputed T/I ratios.

2.3.2.6 Deternine Cost. Deternine the relative system cost for each
alternative system and select the |least cost system
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2.3.2.7 Determine Area. Determine the required building area for the
selected systen(s). Include cube and stacking height values as per Shore
Facilities Planning, NAVFACINST 11010.44d; and Facility Planning Criteria for
Navy and Marine Corps Installations, NAVFAC P-80, Section 440-C

2.3.2.8 Determine Support Requirements. Evaluate and size support areas.

2.3.2.9 Integrate Layout. Develop a conposite building |ayout by
integrating the various storage and support areas into a facility layout.
Hazardous materials storage areas nust be isolated in conbination |ayouts.

2.3.3 Materials Handling Equipnent. The following materials handling
equi pnent are essential conponents of covered storage facilities and their
characteristics nust be considered during the design phase

2.3.3.1 Pallet Handling Equipnent. This equipnent may be either vehicular
(truck-like) or specifically designed (i.e., storage/retrieval machine) for
transporting and storing the standard Navy pallet. Refer to NAVSUP PUB-529
for descriptions of available equipnent.

2.3.3.2 Oder Picking Equipnment. This equiprment is designed to aid a worker
in the selection and transportation of supplies and may be vehicle based or
desi gned as an application specific piece of equipnent.

2.3.3.3 Transport Systens. These systens are designed for the novement of
supplies between two or nore locations within or outside of a facility. They
may be designed to transport packaged |oads (pallets or shelf boxes), |oose

| oads, bulk liquids, or solids

2.3. 4 Storage Equipnment. The following types of storage equipnent are
essential conponents of covered storage facilities and their characteristics
must be considered during the design phase

2.3.4.1 Pal | et Rack. Pallet racks shall be designed for safe storage of

pal | eti zed | oads based on the standard Navy pallet. Designs for other size
pal l ets may be used in concurrence with NAVSUP. Refer to Section 6 of NAVSUP
PUB-529 and NAVSUP specifications for pallet rack for related criteria

2.3.4.2 Shelving/Bins. Shelving and bins are designed for storage of
package type items in less than pallet |load quantities. Refer to Section 5 of
NAVSUP PUB-529 for shelving/bin characteristics.

2.3.4.3  Special. Special storage equi pment consists of devices designed for
specific purposes such as cantilever rack, vertical sheet storage rack, pallet
stacking frames, rigid and collapsible metal bins, etc

2.3.4.4 Installation and Operation Tol erances. Cbserve the follow ng
tolerances for installation and operation of storage equipnent. These
tolerances apply in the absence of nore stringent manufacturer tolerances.

a) Plunbness of pallet racks and high rise shelving +-1/16 inch
(+-1.6 nm over total height.
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b) Pallet rack beamelevation +-1/4 inch (+-6.4 mm between
adj acent beans.

c) Rail guide position +1/4, -0 inches (+6.4 mm -0 mm from
specified rail spacing.

d) Wre guide position +-1/4 inch (+-6.4 mm from specified
centerline.

e) Pallet rack aisle spacing +-1/4 inch (+6.4 nm from design
aisle wdth.

f) Down-aisle rack offset +-1/4 inch (+-6.4 nm) fromaisle
centerline.

2.4 System Considerations. Consider the following system factors when
planning or revising materials handling systens:

2.4.1 Recei vi ng/ Shi pping Operations. Review vehicle and material flow
characteristics, including:

Types of vehicles to be serviced.

Location of rail and road access.

Location with respect to other facility operations.

Support area requirenents, such as staging areas and offices.

[oRN @ RE e gieb)
— — — —

2.4.2 Order Picking Operations. Review load and docunentation
requirenents, including:

a) Type of product being processed.
b) Docunentation requirenents.
c) Packi ng/ packagi ng requirenents.

2.4.3 Support Areas. Separate support areas from hazardous naterials
storage areas with a 2-hour fire wall and from conbustible or flammble
storage areas with a 4-hour fire wall. Direct access between support areas

and hazardous materials storage areas is not pernmitted. Refer to Table 1 for
space estimating criteria for admnistrative and supervisory offices. Refer
to NAVFAC P-80 and Appendix B of NAVSUP PUB-529 for criteria relating to other
war ehouse support functions. Areas considered for support of a storage
facility should include the follow ng:

2.4.3.1 Supervisory Ofices. Provide offices for supervisory personnel such
as foremen, crew |eaders, etc. Ofices shall accommpdate tw people and
provide filing space, one desk, and two chairs per person. Offices shall be

| ocated near their associated activity areas. O fices may consist of
prefabricated partition-type enclosures or nore permanent forns of
construction such as concrete bl ock.

Separate shipping and receiving office areas may be required in
larger facilities and conbined hazardous/flammbles and general storage
facilities for safe operation and to expedite the flow of paperwork associated
with the increased activity. A facility with few enployees may use a single
mul tipurpose office located away from any hazardous/flamabl es storage area.
Ofice location and arrangement shall provide separation of work functions and
mai ntain security by controlling access to the facility by outsiders. Ofices

10
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Table 1

Area Space Requirements

LENGTH W DTH AREA
LOCATI ON
ft.| (m ft.| (m ft2 | (nf)
Private Ofices
War ehouses Manager 20 | ( 6.1) 16 | (4.9) 320 | ( 29.7)
Personnel Manager 14 (( 4.3) 12 1 (3.7) 168 | ( 15.6)
Open O fice Dividers
Manager s 12 | ( 3.7) 12 [ (3.7) 144 | ( 13.4)
Assi stants 10 | ( 3.0) 8 |(2.4) 80 [ ( 7.4)
Secretaries 8 | ( 2.4 8 1(2.4) 64 [ ( 5.9)
Accounts Payabl e 51( 1.5 71(2.1) 35 [ ( 3.3)
I nventory Control 5 (( 1.5 71(2.1) 35 | ( 3.3)
Procur enent 6 |( 1.8) 81 (2.4) 48 | ( 4.5)
Operati ons 6 |1( 1.8 6| (1.8) 36 [ ( 3.3)
Meeting Area 10 | ( 3.0) 10 | (3.0) 100 | ( 9.3)
Interview Area 8 | ( 2.4 8| (2.4) 64 | ( 5.9)
Programmer s 8| ( 2.4 8 | (2.4) 64 [ ( 5.9)
Open Support Services
Files 11(0.3) 51 (1.5) 5((C 0.5)
Reception/ Lobby Area 30 [ (9.7 20 | (6.1) 600 | ( 55.7)
Main Aisles (1) T - -- - - -
Secondary Aisles (2) -- - - -- - - - - --
Phot ocopy Machi ne 6 [ ( 1.8) 41 (1.2 24 | ( 2.2)
C osed Support Services
Mai | Room 25 [ (1 7.6) 12 | (3.7) 300 | ( 27.9)
Restroons (1 each) 24 | (1 7.3) 8| (2.4) 192 | ( 17.8)
Janitorial O oset 61 ( 1.8) 41 (1.2 24 | ( 2.2)
O othes C oset 10 ( 3.0) 2 | (0.6) 20 ( 1.8)
Supply Room 18 | ( 5.5) 12 | (3.7) 216 | ( 20.1)
Conput er Room 25| ( 7.6) 20 | (6.1) 500 | ( 46.5)
Conf erence Room 25| ( 7.6) 20 | (6.1) 500 | ( 46.5)
Lunch/ Break Room (3) 60 | (18.3) 20 | (6.1) 1200 | (111.5)
First-Aid Room 16 | ( 4.9) 12| (3.7) 192 | ( 17.8)

Not es:

(1) Estinmated at 25% of Private Ofice/Open Ofice Divider area.
(2) Estinmated at 30% of floor area for Open O fice Divider areas.
(3) Size estimate for 50 enpl oyees.

11
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shall permt an unobstructed view of the inside and outside dock areas. Rest
room facilities for both truck drivers and enployees may be integrated into
the office design.

2.4.3.2 Receiving Office. The typical receiving office illustrated in
Figure 2 provides space for a building and site security system and office
space for receiving personnel. The secured entrance, |obby and rest room for
truck drivers, provides controlled entry into the facility. Separate rest
roons are provided for supervisory and warehouse personnel.

2.4.3.3 Shipping Ofice. The typical shipping office illustrated in

Figure 3 provides a separate entrance, |obby, and rest room for truck drivers.
A central office area and separate rest room facilities are provided for

shi ppi ng departnent and supervisory personnel.

2.4.3.4 Rest Rooms. Separate rest room facilities may be provided for
supervisory and general warehouse personnel. Fixture allowances shall be in
accordance with the NAVFAC Mechanical Engineering Criteria Munuals and

DOD 4270.1-M

2.4.3.5 Enpl oyee Services. Enployee service areas consist of break rooms,
canteen and vending machine facilities, and |locker rooms. Size these areas to
acconmodat e the expected nunber of enployees. Miltiple installations may be
required to place these facilities within required distances from enpl oyee
activity areas. Refer to the NAVFAC Architecture Criteria Mnuals; Pl umbing
Systens, NAVFAC DW3.01;, and DOD 4270.1-M for specific requirenents.

2.4.3.6 Crating Operations. General purpose storage facilities may require
crating of large or odd shaped itens prior to storage or shipnent.

Variability in requirements for materials, product size, and tools
necessitates individual design of crating areas. Refer to Packaging of
Materiel, Preservation, NAVSUP PUB-502; Packaging of Materiel, Packing, NAVSUP
PUB-503; and NAVSUP PUB-529 for criteria.

2.4.3.7 Packi ng/ Packagi ng Operations. Requirenents for small item packaging
may be met through use of nultipurpose packing table work stations. Snall

i tem packagi ng must support a supply of cartons, filler material, tape, glue,

| abel s, and scales. The design of snall item packing operations nust be
approached on an individual facility basis. Refer to NAVSUP PUB-502,
Preservation and Packing; NAVSUP PUB-503, Packing; and NAVSUP PUB-529 for
criteria. Repackaging of damaged hazardous nmaterials packages nust be
performed in a designated safe area.

2.4. 4 Parking. Provide parking space for all facility enployees wthin
wal king distance of the facility entrance. Parking areas shall be separated
fromtruck docks and other activity areas by fences. Site security shall be
enforced by separating the storage facility from the remainder of the activity
and further isolating parking from receiving and shipping functions. Refer to
DOD. 4270.1-M for parking requirenents.
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2.4.5 Traffic Flow. Arrangenent of the facility on the site and internal
arrangenment of the operating systems shall be evaluated to reduce or
elimnate areas of conflicting traffic. Consider interaction wth base
traffic flow

2.4.6 Safety. Provide safety markings on walls and floors. Define areas
for fork-truck battery charging and refueling. Provide fire protection

equi pnrent (fire hoses, portable extinguishers, standpipes, etc.). Provide
speci al i zed safety equipnent (eye wash/shower, spill |ockers, etc.) in
hazardous materials areas. Provide all additional safety features required
by the Cccupational Safety and Health Administration (OSHA), in accordance
with Title 29 Code of Federal Regulations (CFR) Part 1910, GQccupational
Safety and Heal th Standards.

2.5 System Costs. Several alternative systems may be feasible to
satisfy a given storage requirenent. Each alternative under consideration
must be considered in terms of its full life-cycle total funding inplications
regardl ess of funding source, as well as its benefits. Selected equipnent
shall be identified, evaluated, and priced as early as practical. Tining of
costs and savings is an essential factor in econonic analysis. Include only
those costs and cash flows which the decision can affect. Refer to the
Econoni ¢ Anal ysi s Handbook, NAVFAC P-442, for procedures and analysis
presentation fornat.

2.5.1 Investment Cost. Investnent cost includes some or all of the
following costs associated with devel opnent of alternatives. Net total
investment is the algebraic sum (plus and ninus) of the dollar anounts of the
one-time cost elements in subparagraphs 2.5.1.1 to 2.5.1.6. In the event
these costs do not occur during the project base year (Tine Zero), convert
all costs to their equivalent present value costs for the project base year.

2.5.1.1 Research and Devel opnent. Include all research and devel opnent
costs incurred after the decision point.

2.5.1.2 Facility Investnent. Include all costs associated with the

acqui sition of equipnent, real property, nonrecurring services, nonrecurring
operation and maintenance (startup) costs, and other one-tine investment
costs. If investment costs may be spread over several years, the year(s)
must be identified.

2.5.1.3 Wrking Capital Changes. Working capital changes can be positive,

representing additional funding requirements, or negative, representing a
reduction in funding requirenents.

2.5.1.4 Value of Existing Assets Enployed. The value of existing assets
(already onhand) shall be included in the investment cost only when one of
the two following conditions is nmet:

a) Wien the use of the existing asset will result in a cash outlay
on some other project which would otherwi se not be incurred; i.e., when the
existing asset is currently in use (or has an alternative planned use) on
sonme other project.

15
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b) Wen the use of the existing asset will deprive the Governnent
of cash planned to be realized by sale.

In all other cases, the value of existing assets enployed will be
treated as expenses incurred prior to the decision point and will not affect
the analysis. Existing assets shall be included at their fair market val ue.
The basis for arriving at the estimate shall be fully docunented.

2.5.1.5 Value of Existing Assets Replaced. The value of assets or property
al ready onhand, the current need for which is elimnated by a proposed
project, shall be deducted from investnent cost if, and only if, there is a
docunented alternative use for the assets.

2.5.1.6 Ternminal Value. The ternminal value of a project is the estinmated
value of the proposed investment at the end of its economic life. Terninal
value is inpacted by such factors as the probability of continued need for the
asset for Government or private use, appreciation, and depreciation (physical
and functional).

2.5.2 Recurring Costs. Recurring costs are annual costs associated with
operation of the facilities and consist of personnel costs, operating costs,
and other annual costs.

2.5.2.1 Personnel Cost. Al costs of civilian and military personnel and
enpl oyee benefits.

2.5.2.2 (perating Cost. Al operating costs, other than |abor. Include
materials, supplies, utilities, other services, maintenance, repair, support,
and overhead costs.

2.5.2.3 Qher. Al recurring annual costs which do not fit into the above
cat egori es.

2.5.3 Life-Cycle Cost. Life-cycle cost in an economc analysis is the
total cost to the Governnent of acquisition and ownership of an alternative
systemover its full life. It includes the investnent and recurring costs of

subparagraphs 2.5.1 and 2.5.2 and enphasizes the timng of costs and savings.

2.6 Technical Approval. Figure 4 illustrates the administrative steps
that a project nust follow Technical review and approval of functional plans
and specifications prior to and at the 35 percent design stage by the Naval
Supply Systens Command (NAVSUP) Navy Warehouse Utilization Program is required
in consonance with Storage and Warehousing Facilities and Services, NAVSUPI NST
4450. 21 Series. Coordination of system and facility layout and material flow
patterns with architectural design is critical to conpletion of a functional
facility. The Navy Energy and Environnental Support Activity shall be
included in the review of Navy Cccupational Safety and Health funded hazardous
material storage facilities.

2.6.1 Layout And Flow Concept. Facility aspects dealing with system
| ayout and naterial flow shall be coordinated and reviewed with NAVSUP Navy
Warehouse Utilization Program for conpliance with operational requirenents,
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2.6.2 Architectural Design. Architectural design aspects of the facility
shall be reviewed by NAVFAC and the Engineer-In-Charge (EIC) who is
responsi bl e for managenent of the Architect/Engineer-CA E) design contract.

2.7 Conput er Design Aids. An interactive system selection nodel

(CM 5291, based on NAVSUP PUB-529 procedures, has been devel oped by the David
W Tayl or Naval Ship Research and Devel opment Center (DINSRDC) to facilitate
use of NAVSUP PUB-529. (CM 529 displays the least cost system and storage
hei ght that satisfies specified criteria. It also displays the |east cost
system at all applicable storage heights. The user can then exam ne all
systems at a specified height regardl ess of system cost. The selection of a
system to neet the specified requirements is under the control of the user
who can make a selection considering unique requirenents that cannot be
specified in the nodel. This aid is available through NAVSUP Navy Warehouse
Uilization Program
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Section 3: BU LDING REQUI REMENTS

3.1 CGeneral Design Factors. Providing easy and rapid materials handling
and maxi mum cl ear storage space are the prinme considerations in warehouse
design. Refer to NAVFAC P-272, drawi ngs 1404209, 1404210, 1404211, 1404212,
1404516, and 1404517, for typical configurations. Section 3 provides criteria
applicable to all storage facility classes.

3.1.1 Materials Mvenent. Transport paths and building |ayout shall avoid
discontinuities and el evation changes which inpede material novenent and the
integrity of the separation between flammabl e/ hazardous materials storage and
general storage. Locate covered storage facilities on a site to take
advantage of highway and rail facilities. Evaluate location of the facility
on the site to reduce or elimnate areas of conflicting traffic.

3.1.2 Expansi on Capability. Consider present and future requirenments in
buil ding construction and site location to permt future expansion of
facilities in an orderly, safe, and cost-efficient manner.

3.1.3 Flexibility of Design. \Were facility usage is uncertain or subject
to change, building design shall use the universal bay dinmension of 33 feet-0
inches x 64 feet-0 inches (10 060 mm x 19 510 m).

3.1.4 Requi renents of Specific Buildings. Building requirenents are
dictated by the function of the facility. Refer to Table 2 for genera
requirenents for specific types of buildings. Hazardous materials storage
facilities have specific requirements addressed in Section 4.

3.2 Bui | di ng Shape and Proportions. (Cbserve the follow ng cautions
relating to building size and shape:

3.2.1 Travel Distance. Arrange buildings or increments of buildings for

m ni num di stance between high activity operations. Square buildings mninize
perimeter wall area for a given floor area. Aspect ratios (ratio of length to
width) of 1.25 or less are considered square. |f possible, avoid aspect
rati os exceeding 3.00 for conventional warehousing operations.

3.2.2 Irregul ar Shapes. Avoid irregular shapes, such as U or L.
3.2.3 Height. High-rise storage is preferred over |ow height buildings on

a life-cycle cost basis since storage costs per unit stored, over the life of
the project, decrease as height is increased. Coordinate building height
paraneters with storage system characteristics, as illustrated in Figure 5

3.2.4 Area. Limt building size based only on restrictions due to |oss

potential and fire and hazardous chenicals safety. For criteria on area
limtations, refer to subparagraph 3.7.4.
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3.3 Bui | di ng Spaci ng. Required spacing between buildings to facilitate
operations and aid in fire prevention, protection, and hazardous chenical
spills (liquid/gas) control, wll vary according to the type of construction
and exposure classification. Refer to Departnent of Defense Mlitary
Handbook, Fire Protection for Facility Engineering, Design, and Construction,
DOD M L- HDBK-1008, for case specific requirements. Oherwi se, observe the
fol | owi ng:

3.3.1 Rail Side. Alow 120 feet (36.6 neters [n]) between faces of walls.
3.3.2 Truck Side. Alow 175 feet (53.3 n) between faces of walls.
3.3.3 Warehouses In-Line. Allow 30 feet to 150 feet (9.1 mto 45.7 m

bet ween faces of walls.

3.3.4 FI ammabl e/ Hazardous Materials Facilities. Provide a 50-foot
(15.2 m buffer zone between the facility and the nearest inhabited area,
stream or body of water.

3.4 Docking Facilities. Provide maneuvering space to facilitate

| oadi ng and unl oadi ng operations at warehouse rail and truck docks (see
Figure 6). For information on overall tractor-trailer |engths, necessary
turning radii for such units, and required apron space and clearances, refer
to NAVSUP PUB-529. Al docks and platforns shall be protected by full wdth
canopi es. Protect building corners and dock areas from vehicle inpact by
using concrete-filled steel pipes (see Figure 7). Dock areas in hazardous
materials facilities must provide a manually operated valve in the outside
drain trench to prevent spills fromentering the stormsewer system The
drain shall discharge into a sunp sized to accommodate the expected quantity
of di scharge.

3.4.1 Truck Docks. Truck dock height will vary between 44 and 52 inches
(1120 mm and 1320 mm) depending on the class of trucks served (see Table 3).
Use a 48-inch (1220 nm height for general highway tractor-trailer service.
Configure truck docks to conformto building, site, and traffic flow
requirenents (see Figure 8). Figures 9 and 10 show a typical dock. Use

adj ustabl e dockboards to adjust for variable bed heights and spring
deflection. Slope dock apron areas away from the building, as illustrated in
Figure 11. Provide doors of a size consistent with truck characteristics, as
shown in Figure 12. Exterior truck platforns are not recommended.

Provi de space to load and unload flatbed and | ow boy trucks and to
move material in and out of the warehouse using a rolling A-Frame hoist or
simlar material handling equipnent. A dock adjacent to the ramp of the
building may be equipped with a 5-ton (4500 kilogram [kg]) nonorail,
interrupted at the door with a noveable (sw ng) section. A 12 x 12 foot
(3660 nm x 3660 nmm) door shall be specified with this option. Al outside
supports shall have protective barriers.
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Buil ding Protection Devices
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Typi cal Truck Dock (Plan)

29




M L- HDBK- 1032/ 2

PATH OF OVERHEAD
PANEL DOORS TO

CANOPY PROVIDE MAXIMUM
(SEE NOTE-E) : CLEAR BELOW.
) DOOR FILLS
FOR INSIDE DOCKS I/ Gap
'l ¥V 5 -0 WIn. TO DOOR LINTEL — ——f
e s s e e e e —— e - ——— - - -9
| 1 TRUCK LOADING DOCK WORKING h L
| N HEIGHT -5[" FROM BOTTOM LEVEL 10'-0
| t |
T T TANGENT LINE OF TRUCK WHEELS: ' L
EDGE OF TRUCK APRON I R | 8- 0
i | : t DRAINAGE TRENCH |’~_§ [
|
[

! - =< T N
PAVEMENT L_f Ve ==Y “"\3 ora M\ a ! Iy &\\\\ ‘Q\ d
.\ TR D) A PR ——¥
== e 2 _

20'-0
T 0DOCK LEVELER
2.0
I-.: rT‘ !g._z.. 0 (SEE NOTES-
120°-0% = \ 08cF)

" e

NOTE-A  CAST IRON DRAIN PLATE AS / <2 =
T DRAWN OR SIMILAR COMMERCIAL BAR 275 1"

CASTINGS AS AVAILABLE. .S
NOTE-8 BAR 2x1/4x1-3" LONG ON 2'-0" §6 1612 SECTION THROUGH
NOTE-C ::::::sslorts /4" PER (-0 TRUCK APRON

- /4 Ri-0.

==="" PROVIDE DRAIN VALVE FOR SEE DRAINAGE TRENCH

CONTAINMENT IN HAZARDOUS / NOTE~B

FLAM“AILES FACILITIES.

NOTE-D 7'-0" WIDTH DOCK LEVELER
WITH CROSS - TRAVEL Lock,
OPERATING RANGE -12"uP, 's"powN.

NOTE-E canoPY FOR OUTSIDE DOCKS,
T ROOF OVER 65'- 0" APRON FOR SecTioN A4
INSIDE DOCKS.

TINCH 2 25 .4 mm
1FOO0T s 3048mm

Figure 11
Truck Apron Section
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Figure 12
Door Size Characteristics
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3.4.2 Rai | Docks. Include provisions for rail docks (see Figure 13) as
an option in the design of all storage facilities exceeding 40,000 square
feet (3716 sq. nm). There are three primary types of rail dock:

3.4.2.1 Qutside Docks. Qutside rail docks use through-the-wall access to
rail cars without using an outside platform Use inflatable seals to sea
the space between the rail car and the warehouse. Include a wall-nounted
dock board to provide access to the rail car.

3.4.2.2 I nsi de Docks. Inside rail docks may place the tracks inside the
building in a pit constructed to place the car floor at the same level as the
war ehouse floor or on a floor level track. Pit type installations shal
include track-nounted dock boards. Because of the |arge amunt of warehouse
storage space occupied by this type of dock, inside docks are not recommended
except under extrene circumstances in which sheltering of the car or
additional security is required

3.4.2.3 Pl at f or ns. Platforns for rail service shall extend the full length
of the building and be 15 feet (4570 nm) wide. Platform height above rails
shall be 3 feet 8 inches (1118 nm for general use. Equip platforns with
track-nounted dock boards.

3.4.3 Ranp Access. Provide ranps at the end of rail platfornms and at one
war ehouse truck dock door for vehicle 'access. Ranp slope shall not exceed 10
percent. Ranps for handi capped access shall be designed in accordance with
the Specification for Miking Buildings and Facilities Accessible to, and
Usabl e by, the Physically Handi capped, Anerican National Standards Institute
(ANSI), AI'17.1-1961(R 980). Handicapped access ranmp slope shall not exceed
8. 33 percent.

3.4. 4 Dock Levelers. Provide dock levelers at all truck and rail dock
posi tions. Dock leveler life is directly affected by |oad weight, fork truck
wei ght, and frequency of use. Specify dock |eveler capacity to provide a
mni mum 20 year life (See Table 4).

3.4.5 Dock Weather Protection. Provide dock shelters or door seals in
heated, refrigerated, and dehum dified warehouses, to seal the space bhetween
the truck or railcar and the building (see Figure 14). A canopy shall be
used to shield docks from precipitation.

3.4.5.1 Dock Shelters. Use dock shelters in applications where truck size
cannot be controlled. Sealing action is achieved through the w ping action
of the shelter on the trailer when a truck backs into and through the shelter
to the dock. Use shelters when the dock wall is not capable of resisting the
conpressive forces exerted by a door seal

3.4.5.2 Door Seals. Door seals achieve a seal by conpressing between the
building wall and the trailer. Door seals provide greater sealing efficiency
than dock shelters but require a structural wall capable of resisting
conpressive forces. Use of door seals requires close coordination of door
opening size and trailer size. Excessive size inconpatibility will require
use of a dock shelter.
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Truck Dock Weather Seals

35




M L- HDBK- 1032/ 2

3.4.5.3 Canopy. Provide a nmininum6 foot O inch (1830 nm) full length
canopy (Figure 15) over outside docks to protect the trailer and door
interface and dock shelter or door seal from excessive weather exposure.

3.4.6 Saf ety Equipnent. Equip each truck dock with safety equipnent
consi sting of wheel chocks and door-mounted lights to Illuninate the trailer
interior. In lieu of wheel chocks, dock |evelers may be equipped with
manual |y or electrically operated trailer restraints. Figure 16 Illustrates

a typical installation of a dock shelter, dock leveler, and trailer restraint
devi ce.

3.5 Construction. Econony and local availability of materials shall be
a mpjor factor in building design and selection of construction naterials.
The nost preval ent construction materials are conventional structural steel
frames with insulated metal siding or siding of protected metal or corrugated
alumnum Alternate systens may be used, including reinforced concrete frane
construction with precast or masonry walls. \here possible, tubular interior
colums shall be used in steel construction. Provide allowances for seisnic
and wind loads as required by Seismc Design for Buildings, NAVFAC P-355; and
DOD 4270.1-M  Provide lightning protection per Lightning Protection Code,
NFPA 78.

3.5.1 Construction Materials. Structural steel framng with insulated
metal siding shall be used for econony and availability of conponents.

Systens enploying reinforced concrete franme construction or precast or
masonry walls nay be used, depending on their cost, availability of

materials, and protective design and fire/hazardous chemcals protection
requirenents. Seisnmic and wind |load factors shall be included in all

designs. Roof systems may be of a tar, felt, and gravel buildup roof
construction over a concrete deck or netal pan roof system or a single |ayer
menbrane-type roof over insulation. Conmply with requirenments of DOD 4270.1-M
and M L-HDBK-1008 for conbustibility and flame spread criteria.

3.5.2 Foundation. Foundation design shall be based on criteria in
Foundations and Earth Structures, NAVFAC DW 7.02.

3.5.3 Structural Frame. Selection of a structural franme system other
than steel nust show careful study of the advantages and di sadvantages of
alternative systens, as well as the reasons for using the system considered
most suitable. Before selecting structural systens, deternmine if the
building will be wall-bearing or framed construction. Refer to the NAVFAC
Architecture Criteria Mnuals and Structural Engineering - Ceneral

Requi renents, NAVFAC DM 2.01, for criteria.

3.5.3.1 Sel ection Factors. Investigate the follow ng during selection of
the structural system

a) Availability of materials.

b) Speed of erection.

c) Local labor and construction practices.
d) Quality of local materials.
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Truck Dock Canopy
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e) Limtations on materials by Department of Defense, Bureau of
the Budget, or other mandatory standards.

f) Mandatory standard drawi ngs and specifications for certain
types of buildings, such as anmmunition magazines.

g) Criteria for design of structures in typhoon, hurricane, and
other high wind areas as described in NAVFAC DM 2. 01.

3.5.3.2 Conventional Construction. Conventional columm/beanitruss

construction or pre-engineered designs may be used for buildings up to 44
feet (13 410 mj in height.

3.5.3.3 Rack Supported Construction. Rack supported construction, in which
the storage (pallet rack) system provides the building support in the storage
area, shall be evaluated for all structures over 44 feet (13 410 m) in
height. For lower buildings, this method of construction shall be reviewed
for economic suitability.

3.5.4 Roof. The following criteria apply:

a) Conmbustible roofing is permtted only in emergency construction.

b) Roofing construction may consist of steel decking, reinforced
concrete, or precast concrete panels.

c) Qutters and downspouts shall be used. Positive neasures nust
be taken to prevent accumul ations of nud, snow, or ice.

d) Refer to Engineering and Design Criteria for Navy Facilities,
NAVFAC P-34, for standards concerning nmaterials and installation for built-up
roofi ng. Insulate roofs in accordance with DCOD 4270.1-M

3.5.4.1 Flat Roofs. Flat roofs shall be used to nmininize potentially
unusabl e space caused by the roof rise associated with sloped roofs. Flat
roofs shall have a minimum pitch of of 1/2 inch per foot (42 nm per neter).

3.5.4.2 Sl oped Roofs.  Sloped roofs having a pitch exceeding 1 inch per
foot (83 mm per neter) shall be avoided for covered storage facilities unless
avail able roofing materials require a greater pitch. Sloped roofs having a
pitch of 3-4 inches per foot (250-333 mm per neter) may be used in snal

spans where roof rise can be limted to 5 feet (1525 mm) or less. Sheds may
have a roof pitch of 2 inches per foot (166 mm per neter) or greater.

3.5.5 Exterior Walls. Exterior walls may be of insulated nmetal siding
brick or concrete masonry, or tiltup precast or cast-in-place concrete
panels. Wen metal walls are used, the first 4 feet (1220 mm) of wall above
the floor shall be of reinforced masonry construction to protect the
structure from fork truck inpact and provide additional security (see

Figure 17). Walls located on sides designated for future expansion shall be
removabl e.

3.5.6 Interior Walls. Interior wall construction will vary depending
upon use, finish, and required fire and corrosion resistance. Refer to
NAVFAC P-34 for specifications for the follow ng:

a) Lath and Plaster
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Dry Wall Construction
Structural Facing Tile
Concrete Masonry Units
Toil et and Cubicle Partitions

D O O T
~— — — —

3.5.6.1 Fixed Partitions. Refer to NAVFAC DM 1, Architectural Series, for
construction and partition facing information for fixed partitions.

3.5.6.2 Movable Partitions. In selecting nmovable partitions, consider the
fire rating, corrosives resistance, availability of mpdular size to nmeet the
buil ding nodule, ease of noving to a new |ocation, acoustic properties, and
cost. The use of low partitions in a landscaped interior shall be
considered. Place all wiring in ceiling space or in-floor ducts. Wring
shall not be installed in novable partitions.

3.5.6.3 Wre Mesh Partitions. Consider these partitions for securing
storage areas, tool cribs, issue roons, and sinmilar spaces,

3.5.7 Doors and Wndows. Wndows shall be provided for office and
service structures. A continuous narrow band of high w ndows may be
justified in large warehouses by savings in electric lighting costs.
Skylights shall be considered to supplement inside |ighting.

3.5.8 Interior Finishes. Interior finishes do not contribute structural
gains to the construction and do not require secondary structural assenblies
for installation. They do contribute surfaces exhibiting fire and corrosion
protection, durability, appearance, or special mintenance qualities.
Materials which contribute structural gain to the construction and have

i nherent surfaces or factory applied finishes that may be used as interior
finishes are discussed in the NAVFAC Architecture Criteria Mnuals.

Refer to NAVFAC P-34 for interior finish specifications, and the
NAVFAC Architecture Criteria Manuals for material criteria. Refer to Col or
for Naval Shore Facilities, NAVFAC P-309, for color criteria.

3.5.9 Plumbi ng. Refer to NAVFAC DM 3.01 for the design of building

pl unbi ng systens including above ground and buried sanitary DW (drain,

waste, and vent), roof (storm drainage, and water piping within and under
each building and within 5 feet (1.5 m outside of the building walls. In
specific instances, connections to existing exterior distribution systens and
buried piping beyond 5 feet (1.5 nm outside of the building walls may be
included in the design.

3.5.10 Mechanical. Refer to Heating, Ventilating, Air Conditioning, and
Dehuni di fying Systens, NAVFAC DM 3.03, for criteria relating to the design,
system and equi pment selection criteria, control system criteria, and energy
conservation considerations for heating, ventilating, air conditioning and
dehum di fyi ng systens.
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3.5.11 Electrical. Refer to Electrical Engineering, Design

Consi derations, NAVFAC DM 4.01, and Electrical Engineering, Electrical
Utilization Systems, NAVFAC DM 4.04, for criteria relating to estimation of
| oads, selection of electric power source, and requirenents for the
installation, voltage level, grounding, and selection of electric
distribution systemns.

3.6 Floors. Critical attention to floor design and construction is
essential to proper operation of narrow aisle high-rise storage systens.
Refer to American Concrete Institute (ACI) Guide for Concrete Floor Slab
Construction, ACl 302.1R-80, for design and construction of Cass 5 floors.

3.6.1 Fl oor Construction. Wiere construction conditions permt,

construct warehouse floors of reinforced concrete poured on-grade over a
vapor barrier and 6 inch (150 mm) capillary barrier. Precision floor
flatness requirenents apply to storage areas only. Coordinate the |ocation
of floor joints, reinforcement steel, and in-floor utilities with vehicle

gui dance system and aisle requirements. |f a specific layout is not known or
is subject to change, floors shall be designed for any configuration of racks
and shel vi ng.

3.6.1.1 Concrete Strength. Concrete 28-day conpressive strength shall be a
m ni num of ~ 3, 500 pounds per square inch (246 kg/square centimeter (cnf).

3.6.1.2 Reinforcenment. Provide crack control using reinforcement
consi sting of mnimum nurber 6 welded wire fabric in a 6- by 6-inch (150 nm x
150 mm) mesh or alternative non-reinforced methods.

3.6.1.3 Fl atness. Finished surfaces of nonstorage areas shall be checked
for smoothness with a lo-foot (3050 nm) straightedge and conply with AC C ass
Bx surface finish requirenents. \Wen placed at any location on the finished
floor, in any direction, the plane of the floor surface shall not deviate
fromthe plane of the straightedge by nore than 5/16 inch (8 mm at any

| ocation along the straightedge. There shall be no more than 5/16 inch (8 nm
deviation in any lo-foot (3050 nmm) neasurenent. The el evation difference
between any two points on the floor shall not exceed |/2 inch (13 nm.

3.6.1.4 Thi ckness.  Floor thickness will be determined by a combination of
live load, dead l|oad, strength of concrete, and subgrade conditions. The
nonograph in Figure 18 is based upon information contained in Appendix D of
NAVSUP PUB-529 and provides a neans for determning floor |oad capacity or
required floor thickness for varying conditions of concrete strength and
subgrade reaction. Refer to Structural Engineering, Concrete Structures,
NAVFAC DM 2.04; Soil Mechanics, NAVFAC DM 7.01; and NAVFAC DM 7.02, for nore
detailed information on floor and foundation design. Floors in covered
storage facilities shall be no less than 6 inches (150 mm thick.

3.6.1.5 Fi ni shes. Fl oor hardeners, dressings, or toppings may be required
for durability in areas of exceptionally high activity such as main aisles,
tow ine paths, or industrial shop areas. Sealers are desirable for dust
control.
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3.6.1.6 Static Load. Floors shall be designed to support the estimted
static load of stored material and storage equipnent. Refer to Appendix D of
NAVSUP PUB-529 for static floor |load estimating criteria

3.6.1.7 | npact Load. Floor design shall incorporate the effects of Inpact
| oads caused by operation of materials handling equiprment. Consult equipnent
manuf acturers for characteristics of specific vehicle inpact |oads.

3.6.2 Superflat Floors. Hgh rise, narrow aisle storage systens wth
aisles less than 96 Inches (2440 mm wide and storage heights exceeding 20
feet (6100 mm require extremely smooth and flat floors to control operating
t ol erances. Superflat floors shall be designed and specified for vehicles
such as turret trucks and man-up order picking trucks.

3.6.2.1 Construction Qiidelines. In order to assure that superflat
tol erances can be achieved, the followi ng design and construction guidelines
shal | be followed:

a) Clearly identify on the design drawi ngs those areas of the
war ehouse floor which nmust neet superflat tol erances.

b) Incorporate a requirenent in the construction contract for test
slabs to assure that the superflat floor tolerances can be achieved with the
contractor's proposed operations.

c) Al longitudinal construction joints shall be |ocated outside
of the aisles in which the trucks operate. Space transverse weakened plane
joints to control random cracking and potential slab warping. A transverse
joint spacing of 20 feet (6100 nmm will generally be satisfactory.

Transverse joints shall be sawed and seal ed

d) Locate floor drains, cleanouts, conduits, and other floor
discontinuities outside of the aisles.

e) Specify a concrete mx having a | ow water-cenment ratio and | ow
shrinkage characteristics. Achieve concrete workability through use of
plasticizers in lieu of additional water.

f) During construction, pour concrete between rigid fornms in |anes
| ess than 20 feet (6100 mm wide. Strike off concrete with a vibrating
screed.

g) After initial floating, use a 10 foot (3050 mm [ong transverse
scrapi ng straightedge (highway straightedge) to renove high spots.

h) Check the surface of the plastic concrete frequently with a 10
foot (3050 mm) long straightedge placed both parallel and transverse to the
centerline. Correct any high spots and fill any |ow spots using the highway
straight edge.

3.6.2.2 Measurenent. New criteria for tolerances and neasurenent of
superflat floors are currently under devel opnent. The followi ng requirements
are provided as interim guidance

a) In specifying floor flatness for turret truck and order-picking
truck operations, require a conplete (100% profile analysis of the whee
path portion of the concrete floor in the storage aisles and a statistica
profile analysis of other portions of the concrete floor on which turret
trucks and order-picking trucks wll operate.
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b) For measurenment of floor flatness, require use of special floor
flatness profile measurenent equipnent such as the "Profilograph" of the
Edward W Face Conpany (427 West 35th Street, Norfolk, Virginia 235081, the
"Floor Crab" of the Austin Conpany-Kal man Floor Conpany (2942 Hi ghway 74,
Evergreen, Colorado 80439), or an equivalent measuring equipnent technique
which is certified as acceptable by the Headquarters O fice of the truck
manuf acturer(s) and approved by the Contracting O ficer.

c) Require in the specifications that the general contractor
provide certification to be prepared by the measuring equi pnent operator.
Certification states that the "wheel path" and other portions of the concrete
floor to be used for turret truck and order-picking truck operations nust
conpletely meet maxinmum rated productivity floor flatness requirenents of the
Headquarters Office of the truck manufacturer(s). Floors which fail to neet
the required tolerances will be corrected as directed by the Contracting
Oficer.

d) Al noncritical floor slabs shall be specified to be an AC
Class Bx floor. See ACL 302.1R-80 for Class Bx criteria.

3.6.3 Wre Quide Requirenents. Wien electronic wire guide vehicle
controls are used, observe the following floor design criteria:

3.6.3.1 Conduits. Avoid installing conduits in the floor.

3.6.3.2 Reinforcing. Reinforcing steel shall be located at |east 2 inches
(50 mm below the concrete surface. Wre mesh shall be tack-welded together
wherever possible. Rebars and wire mesh shall be grounded.

3.6.3.3 Expansion Joints. \Were possible, expansion joints shall be

| ocated under storage racks. Wien expansion joints are located in the storage
aisle, they shall run parallel to the aisle and not be within 3 inches

(75 mm) of the centerline of the storage aisle nor within materials handling
equi pnent wheel tracks.

3.6.3.4 Hardening Agents. If a ferrous hardening agent is specified, this
material nust be distributed evenly over the entire floor.

3.7 Fire Protection. Al storage structures shall be designed to
conply with the applicable sections of the fire safety codes governing the
activity. Rack storage system fire protection shall conply with the
requirenents of M L-HDBK-1008 and the Standard for Rack Storage of Materials,
NFPA 231C. Floor storage over 12 feet (3660 nm high shall also conply with
Standards for Ceneral Storage, NFPA 231.

3.7.1 Location of Buildings. Building location on the site shall permt
easy access by energency vehicles. Oderly flow of people and equipnent is
essential to the conduct of a safe operation.

3.7.2 Fire Apparatus Access. Provide space between buildings sufficient
to pernmt access by fire and energency vehicles.
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3.7.3 Separation Distance. As an aid to fire prevention and protection
covered storage facilities shall be separated by the distances described in
paragraph 3.3. Miltipurpose warehouses nmay be constructed as a single
structure. These buildings may include a flammble/hazardous storage area
contiguous to the general warehouse, provided the two storage areas are
separated by a 4-hour fire wall.

3.7.4 Protected Area. Warehouse fire area between fire walls shal
conply with M L-HDBK-1008 and be subject to the follow ng:

3.7.4.1 Ceneral Storage. Warehouse area for storage of naterials of
moderate conbustibility shall not exceed 40,000 square feet (3716 square
nmeters [nf]) between fire walls in accordance with DOD 4270.1-M and shal
otherwi se conform to NFPA 231. When such warehouses are |ocated at

depot-type activities that furnish supply support to other activities, the
area confined by fire walls nmay be increased upon a finding and determ nation
by the Secretary of the Navy (with docunentation subnmitted via cognizant
claimant and NAVFAC fire protection engineers) that:

a) The increased size is required for efficient operation

b) Additional |oss potential has been recognized and is acceptable.

c) Oher fire safety features have been designed to conpensate for
the additional hazard as far as such design is practical

3.7.4.2  Flanmmabl e/ Hazardous Storage. \Warehouse areas for storage of

flamabl e liquids, solids, and/or hazardous chemicals, shall not exceed
20,000 square feet (1858 nf) between fire walls in accordance with DOD
4270.1-M  Fire walls shall have a 4-hour rating

3.7.5 Sprinkler Systens. Provide automatic fire suppression systems in
accordance with provisions of M L-HDBK-1008: Carbon Dioxide Extinguishing
Systens, NFPA 12; Halon 1301 Fire Extinguishing Systems, NFPA 12A; Standard
for the Installation of Sprinkler Systems. NFPA 13: Deluge Foam Water
Sprinkler Systens and Foam Water Spray Systens, NFPA 16; NFPA 231; and NFPA
231C.  Water demand shall be based on the hydraulic design of the sprinkler
system

3.7.5.1 Storage System Sprinklers. In general purpose, controlled

hum dity, refrigerated and other type warehouses where flanmabl e/ hazardous
materials are not to be stored, nonadjustable face and flue sprinkler heads
(see Figure 19) are required at or immediately below the 20-, 40-, 60- and
80-foot (6100 mm 12 190 mm 18 290 mm and 24 380 mm) rack |evels. Rack
shelving at these levels shall not be adjustable. Additional flue sprinklers
may be required depending upon storage height and its relationship to the
nonadj ustabl e sprinklers. Face and flue sprinkler heads shall be placed at
or below each 108-inch (2745 mm) open frame shelf at the required levels in a
manner which prevents sprinkler head damage during storage operations, as
illustrated in Figure 20. The sprinklers at all other shelf levels shall be
capabl e of vertical adjustment (Figure 21) using nmechanically grooved
fittings. Depending upon Commodity Class and whether the load is

encapsul ated, rack systenms with clear stacking height (SH values of I|ess
than 25 feet (7620 mm from floor to the top of material on the top shelf my
be exenpted from the in-rack sprinkler requirement.
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Figure 19
Standard Navy In-Rack Sprinkler Arrangenment

(Gass I, I, Ill, IV Compdity Storage Height Over 25 Feet -
Excludes Flam Haz Storage Facilities)
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Figure 21
Standard Navy Flam Haz Flue Sprinkler System
(to Permt Adjustment of Flam Haz Rack Shelves -
Face Sprinklers Not Required)
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In flammabl e/ hazardous materials storage areas, flue sprinklers are
requi red above each shelf level in accordance with NFPA 30. Racks in
f I ammabl e/ hazardous areas are limted to SH values of 25 feet (7620 mm) from
the floor to the top of material on the top shelf level. Sprinkler heads
must be positioned so they do not interfere with pallet |oads that overhang
shel f beans as nuch as 3 inches (7.5 m) into the flue

3.7.5.2. \ater Supply. Evaluation of the available water supply shall be a
primary consideration in the prelimnary design stages of any covered storage
facility. \Water supply duration shall be at least two hours for al
classifications of commodities. |If the volume and pressure available in
water mains is inadequate, onsite storage in the formof a water tower or
ground storage tank with fire punmps may be required to provide an adequate
supply of fire fighting water.

3.7.6 Hose Connections. Hose connections shall be provided with 75 foot
(22.9 m long hoses at suitable |ocations to achieve overlapping coverage of
all areas of the warehouse

3.7.7 Fire Walls. Fire walls shall be of brick or concrete masonry
construction, have sufficient thickness to develop a 4-hour fire resistance
have independent structural stability, and be continuous to the roof. Fire

wal | projection above the roof shall be subject to the follow ng:

a) Wiere roof decks are made of heavy nonconbustible materials
such as concrete or gypsum parapets are not required provided the fire walls
fit tightly against the inside of the roof deck.

b) Were roof decks are Factory Mutual approved Cass | stee
decks, a 12-inch (300 nm parapet is required

c) Al other roof decks require a 30-inch (760 nmm parapet
measured fromthe top surface of the lower roof to the top of the parapet.

3.7.8 Fire Doors. In heater roons and transformer vaults, doors shall be
metal -covered or industrial-type netal doors or fire doors, as required

Metal overhead doors shall be chain hoist operated, except when frequent use
demands notorized operation. Qpenings in 4-hour rated interior fire walls
shall be protected by a fire-rated door on each side of the wall. Refer to
DOD M L- HDBK- 1008 and DOD 4270.1-M

3.7.9 Ventilation. Provide lock-in type roof vents to achieve a venting
rati o based upon the heat release of the contents and in accordance with the
Qui de for Snpke and Heat Venting, NFPA 204M  Recomended venting ratios of
vent area to floor area are 1:150 for |ow heat release, 1:100 for noderate
heat release, and 1:50 for high heat release. Use of roof vents as skylights
to reduce electrical lighting requirements shall be considered. |Include
draft curtains in storage facilities in accordance with NFPA 204M Draft
curtains shall define areas of 20,000 square feet (1858 nf) or less and be
positioned so as not to interfere with storage operations

3.8 Architectural Details. (Chserve the following architectural details
during facility design
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3.8.1 Battery Charging and Handling Operations. Provide an equi pped and
ventilated area for the charging of materials handling vehicle batteries.
Figures 22 and 23 illustrate typical battery charging |ayouts. Refer to
Ceneral Maintenance Facilities, NAVFAC DM 28.04, for additional information
regarding enclosed battery charging areas.

3.8.1.1 Safety Showers/Spill Control. Provide facilities for energency
drenching of the eyes and body, flushing and neutralizing spilled

electrolyte, fire protection, and protecting charging apparatus from damage
by vehicles (Figure 241, in accordance with Anerican National Standard for
Emer gency Eyewash and Shower Equi pnent, ANSI Z358.1-1981. Battery charging
areas shall be equipped with neutralizing chemcals. Floors shall be treated
with an acid resistant coating. Install permanent eye wash and shower
facilities wherever permanent charging or servicing areas are constructed

3.8.1.2 Fire Extinguishing Equipnent. Fire fighting equipnent, consisting
of fire extinguishers of either the carbon dioxide or dry powder type
suitable for use on chenmical and electrical fires, shall be included in the
battery charging area

3.8.1.3 Battery Handling Equipnment. Provide specialized battery handling
equi pment in battery charging and work areas. Equi pment used nust be

sel ected based on the characteristics of the vehicle and battery being
serviced, the activity of the charging station, and the maintenance work
performed on the battery. Devices include handling beans, jib hoists,
special charging stations, and battery transporters.

3.8.1.4 \Ventilation. Provide natural and mechanical exhaust ventilation to
ensure diffusion of the gases fromthe battery and to prevent the

accunul ation of an explosive mixture. Provide ventilation to |imt hydrogen
gas buildup to no nore than 1 percent by volume in roomair. If battery
charging roomair is air conditioned as part of a general building air
conditioning system exhaust air directly to the outdoors and do not return
it to the air distribution system Required air changes shall be based on
the expected activity in the charging room but shall be no less than six air
changes per hour. Activity nust consider the number of cells being charged
at a given tinme and the charging current being used. Provide an air velocity
rate across battery charging shelves of at |east 125 feet per ninute

(0.64 m's) in accordance with NAVFAC DM 28.04 and the Anerican Conference of
Governnmental Industrial Hygienists Industrial Ventilation Manual. Interlock
the ventilation systemwith the chargers to prevent charger operation unless
the ventilation systemis operating. Refer to NAVSUP PUB-529, Section
23.4.4, for charging rate and hydrogen production criteria.
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Battery Charging Area (Open Locations)
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3.8.2 Pal | et Racks. Selective pallet racks (see Figure 25) consist of
uprights, pallet beans, bracing, and miscellaneous accessories. M ninmm
design load shall be 3,000 pounds (1360 kg) per pallet. Installation must
observe the follow ng:

3.8.2.1 Dimensions.  Pallet racks shall have a 40-inch (1020 mm depth and
accommodat e standard 40- x 48-inch (1020 mm x 1220 mm) Navy pallets wthout
front or rear pallet overhang (see Figure 26). Use of other sizes of pallet
racks or pallets nmust be docunented and justified. Beam to beam verti cal
spacing averages 48 inches (1220 mm) (see Figure 27).

3.8.2.2 Stability. Rack stability is influenced by |oading conditions,
attachment, and rack assembly. Racks exceeding a 6:1 height to depth ratio
must be securely anchored or braced externally. For standard Navy racks,
this applies to racks exceeding 20 feet (6096 nmm) in height.

3.8.2.3 Flue Space. Fire protection requirenments dictate a mninmm

[ ongi tudi nal flue space (Figure 28) of 6 inches (150 mm. Flues shall be 12
inches (300 mm deep in refrigerated areas. In flamabl e/ hazardous materials
storage areas, provide 12-inch (300 nm flues between back-to-back racks.

Fl ues of 8-12 inches (200-300 mm shall be provided between backs of racks
and walls. Navy standard pallet racks provide a mininum 4-inch (100 mm
transverse flue space. Conply with NFPA 231C if rack or load sizes are
changed.

3.8.2.4 Attachnment. Securely attach all pallet racks to floors, walls, and
each other, to ensure stability and safety. Cold storage facilities require
special rack attachment procedures. Refer to subparagraph 6.5.4 for cold
storage rack attachment criteria.

3.8.2.5 System Interface. Interface operations with pallet rack using
pi ckup and delivery (P&) stations, as i